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CELLPLANNESIG 



Technical field 

The invention relates to bandwidth related cell planning in a mobile teleconunanication 
system. 

Background 

When building a cellular system the first thing to focus on is to have sufficient number of 
base stations to create the wanted coverage area. When the intended area is covered and the 
traffic starts to grow the system has to be expanded in capacity. The first step in doing tins is 
to add more transceiver units (TRUs) to the existing base stations and to re-use the 
frequencies in the system as tight as possible. Due to the fact that the frequency spectrum 
allowed to be used by each operator is limited, this adding of TRUs can only meet the 
increased capacity demand to a certain extent. In the longer run congestion in the system will 
occur and the perceived quality in the system will be too low. Then new smaller sites have to 
be built to take care of the increasing capacity; i.e. a so-called cell split is needed. 

Now the question arises where to build the new site. Of course it shall be built as close as 
possible to where the traffic is generated in order to efficiently "off-load" the congested cells. 
Building the cell there will also give a system with higher quality since the calls will 
experience higher possible signal strength »)abling enough margins to possible interfering 
calls. Collecting the position from different mobiles using position methods available in a 
mobile system e.g. cell ED/TA and E-OTD based on GPS and triangulation methods give the 
operator a hint of where the calls are made in the systems. Using this information the operator 
will have a decent view of where to build the new site. A method of determining traffic 
density within cells for a similar purpose based on power level and geographic distribution of 
the traffic is described in US 5 828 962 assigned to France Telecom. 

In modem 2,5G &3G systems the usm share resources from a common resource pool. In 
addition different user-services consume more or less of these common resources. For 
example in a WCDMA system the total power that can be transmitted in a cell is limited and a 
subscriber using the 384 kbps packet data service will consume much more power than a 
subscriber making a voice call, typically around 15 kbps or even less, from the same position. 



If the 384 kbps user is close to the cell border almost all available power in the cell is needed 
to support that connection. But if the 384 kbps user is close to the site, thereby experiencing 
high signal stiengdi. the power control algorithm will reduce the transmitted output power for 

this connection, which will free resources from the resource pool and make loomfor more 
users in the cell. This shows the necessity of locating the new site within an area, where many 
users of high bit-rate services, can be served as efficient as possible. 

Summary nf the invp.nrinn 

With this background in mind it is not sufficient to just use the positioning methods available 
as of today to get to know where the most efficient new site position will be. Also information 
about which service that is used is needed. As an example it could be likely in a certain area 
that the high bit rate packet services are used in offices, while voice calls are more common in 
streets and open areas. In other areas there might be a different pattern all dependant on the 
users behaviour. 

The solution is to combine information of where the connection is made together with the 
service used. By performing a measurement of this at regular intervals a statistical picture can 
be created. This informaUon can then be stored and displayed to the operator to be used to 
refine the network in order to optimise its perfonnance. 

It is thus an object of the invention to measure where the traffic is and the kind of traffic that 
is going on in the particular place. 

AnoAer object is to design a cell placing tool, which uses the „,eas»rement results to decide 
optimal Sites for new base stations where such new sites a« needed in orter to av<«d fatal 



A ftother aspect of the invention is to »se other parameteis of the radio connection for the cell 
planning. One such parameter is the path loss of the channel allocated to (he particular usere 
This parameter is position related, but also related to the environment of the users - high 
bmldmgs and namiw streets give a high path loss, while open areas Ute big squa.es and fields 

give much lower losses. 



The objects and aspects of the invention are accomplished by a method of measuring the 
position related data of a mobile station together with infonnation of type of services going 
on, a cell planning tool and a cellular telecommunication system all further defined in the 
appended claims. 

Short description of the fibres 

Figure 1 shows an overview of a mobile telecommunication network in which the invention is 
used. 

Figure 2 and 3 illustrate the traffic distribution within a typical cell. 
Figure 4 shows an example of implementation of the invention. 

Figure 5 is a flow chart showing the collection of measurements according to the invention. 
Description of preferre d embodiments 

In figure 1 a mobile communication network of typical design is shown. A control network is 
connected to a number of base stations - four stations BSl-4 in the example - which base 
stations have radio connection with mobile stations - only one, MS, shown in the figure - 
within the various cells Cl-4. The control network, e-g. the Base Station Controller, BSC, 
according to the GSM-standaid or the Radio Network Controller. RNC, according to the 
WCDMA-standard, has communication with the fixed Public Switched Telephone Network, 
PSTN, and/or the Internet. 

To get hold of the position for a mobile station a positioning order has to be sent to the 
mobile. The positioning method used is e.g. either the standardised OTDOA or A-GPS 
method or some other method well known in the art. The information about which service that 
is being used resides in the control network - or some other node of the system - is collected 
and stored together with the fetched positioning data. The position/service data can 
alternatively be sent directly from the mobile station to the network when so ordered. That 
requires that the mobile station knows all the relevant data. The combined service/position 
data is stored in a database in the control network or in another node. 



When enough data have been collected a statistical picture of where different services are 
used can be displayed and used as input when deciding where a new site shall be built. This 
picture is the result when practising the invention and is used in order to build the new site in 
an optimal position. This will lead to a cost efficient way of cell planning. To refine the 
picture an optimising algorithm (e.g. least square root) could be used when calculating the 
most efficient new site position. 

Figure 2 is an illustrative example of the position of a number of users within a cell. The 
black dots marks users having an ordinary voice connection with a low bit rate while O marks 
users having another service such as packet switched data with much higher bit rate. In figure 
3 the bit rate of the users is taken into account. The four small areas to the left in figure 3 
mark voice connection witii low bit rate. The two packet connection to the right get a much 
larger area corresponding to the much higher bit rate used. The two figures 2 and 3 shows the 
need to shift the placing of a new base station, marked X, to the right if not just the position, 
but also the service used is regarded. 

In a further example the path loss is also taken into account. This is illustrated by figure 4 and 
the following table. 

Position (n) Bit rate (khps) Path loss (dB) 



1 


12,2 


130 


2 


64 


123 


3 


12,2 


123 


4 


384 


156 


5 


384 


100 


6 


64 


112 


7 


384 


133 


8 


12,2 


124 


9 


384 


140 


10 


12,2 


135 


n 


64 


138 



The table shows data from eleven users, position n = 1-1 1, in figure 4, used bit rates (BR) and 
the path loss (PL) in dB of their radio channels. The data from the users in the cell according 
to figure 4 are collected by the RNC/BSC and transferred to a cell planning system node, 
CPS. The CPS comprises data collecting and calculation equipment in order to perform 
predictions for potential new site positions using for example Monte Carlo analysis. The 



optimal position (x^pt, yopi) of a new site is where the maximal bit rate per path loss attenuation 
is found during the analysis. This is summarised by the following expression: 

Xoptjopt = maxS(BR,/PLn x„, y„) 

for all mobile users n within the selected area, i.e. the cell of figure 4. 

The found "new site" is indicated to the right in the figure, which is close to the users 9 and 4 
using high bit rate and having a high path loss. The output from CPS may be regarded as a 
map for personnel building the new site 

The flow chart of figure 5 describes a number of steps for practising the invention. Step 1 is to . 
find the positions of the mobiles being in a more or less active mode using certain services 
within a particular cell. In step 2 the system registers the bit rate used by each mobile and 
optionally also the path losses of the radio channels used. Based on these data a picture of the 
traffic density is estimated in step 3 and if the cell tends to get congested or overloaded - step 
4 - and if there are no other means to extend the capacity of the cell a decision YES is taken in 
step 5 to build a new base station - step 7 - in a place based on calculation made in step 6: As 
long as there is no need for cell split - decision NO of step 5 - step 1-4 are repeated at more 
or less regular intervals. The decision that a cell is ova-loaded can, of course, be taken on 
other grounds than the steps according to the flow chart. However, whenever there is a need 
for a cell split the principles of the invention is used to find the new base station site. 

Claims 

1 . A method in a cellular mobile teleconnmunication system for cell planning where a 
cell tends to get congested or overloaded characterised in that position related data for 
mobile users (MS) is registered together with what service is used by each user in 
terms of bit rate and wherein an estimation of the traffic intensity within the cell is 
created. 

2. The method of claim 1, wherein the position related data is the locations (x,y) of the 
mobiles and the path losses experienced on their radio channels (CH). 



3. 



The method of claim 1 or 2, wherein an optimal site for a new base station is 
established based on the registered data. 



10 



-30 



4. The method of claim 3 wherein maximising the following function gives the optimal 
site (Xopt. yopt) for the new base station 

Xcpt,yopt = maxf(BRJPL„ Xn. yn>for aU n 

where n an index number for the mobile users of the cell, BR„ is the bit rate used, Pt, 
is the path loss and x^, y„ is the location of the user n. 

5. The method of claim 4, wherein a map is created showing the site of the new base 
station. 

6. A cell planning tool in a cellular telecommunication system comprising a control 
network (RNC/BSC) for registering position related data of mobile stations (MS) 
using the system characterised in that means are included for registering the services 
used by the mobile stations and of further means for, based on the positioning and 
service data, estimating the traffic density of the cell. 

7. The cell planning tool of claim 6, wherein the tool further comprises means for 
registering the path losses of the radio channels (CH) allocated to the mobile users. 

8. The cell planning tool of claim 6 or 7 wherein an optimal place (x^y^ for a new 
site is established in a cell planning system node (CPS) of the tool. 

9. The cell planning tool of claim 8, wherein the system node (CPS) establishes the 
optimal place {x^y^ based on the maximum of the following expression 

Xopt,yopt^maxf(BR^L„ Xn,y^foraUn 

where n an index number for the mobile users of the cell, BR is the bit rate used, PL is 
the path loss and x, y is the location of a user. 

10. A cellular telecommunication system comprising base stations (BS) and mobile 
stations (MS) in communication with each other in a cell under supervision of a 



control network (RNC/BSC) characterised by a cell planning system node (CPS) 
which collects data from the telecommunication system relating to the location (x, y) 
of the mobile stations (MS), their path losses on their radio channels and the services 
they use, and wherein said node (CPS) comprises data collecting and calculation 
equipment, which predicts an optimal place (Xopt, yopi) for a new base station when the 
cell otherwise will be overloaded. 



Abstract 

Measuring in a cellular telecommunication system the position of active mobile stations and 
the service, in terms of bit rate, they use. The first figure shows a number of users, four black 
dots having a voice connection with low bit rate and two users O having packet switched 
connection with a much higher bit rate. In the second figure the bit rate used is taken into 
consideration and, as shown by the greater area of the packet switched users, a more true 
picture of the traffic density is created. If the cell lends to get overloaded, requiring a cell 
split, the site X of a new base station will be shifted to the right comparing the second figure 
with the first. (Fig 2 and 3) 
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